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Abstract

Introduction. Serendipitous information retrieval is the perhaps inevitable consequence of immersion in an information-rich environment. Just how well chance encounters are supported,
however, within these environments varies and one of the challenges to the development of tools and systems to facilitate serendipity is measuring how well they achieve this goal. This
research developed a scale to measure dimensions of serendipity identified in prior research.

Method. Participants (N=123) browsed an experimental information search system for twenty minutes with no a priori task and responded to a twenty-item survey questionnaire. Items were
derived from the serendipity dimensions of a physical library setting devised by Bjorneborn.

Analysis. Exploratory factor analysis using the Principal Component Analysis as the method of extraction was carried out on the data. The analysis was undertaken using the SPSS statistical
package.

Results. Five factors were extracted representing core elements of support for serendipity in a digital environment: enabled connections, introduced the unexpected, presented variety,
triggered divergence, and indvced curiosity. In addition, four of the original twenty items were eliminated from the survey.

Conclusions. While the physical dimensions of serendipity do map on to the digital dimensions, it is unknown whether there are additional dimensions of serendipity not present in the physical
environment.

CHANGE FONT

Introduction

Unintended but auspicious discoveries have been credited with ground-breaking global advancements in medicine and science. At the same time, less tangible breakthroughs have aided advancements and innovation
within organizations and on a much smaller scale, growth and development of individuals in personal and work lives. Yet our knowledge of serendipity primarily comes from our observation of it in the physical, tactile
world of science, rather than in conceptual and often non-observable world of social sciences where the discovery may be the unplanned use of a new method that has unintended consequences, the uncovering of a long
forgotten cultural gem, or, the chance connection between two disparate ideas that leads to a new theory. These p outcomes of serendipitous discovery come from interaction with content that is textual, audio or
graphic embedded within a system or from exchange with other people. In this research we focus on the former; serendipity in interactive information systems. Notably, current systems may not provide the rich
environment necessary to enable serendipity and instead tend to provide planned paths of navigation from one discrete information object to another with the intent of removing the apparent irrelevant content or

shielding the user from what the system perceives is not useful to the user.

When does a system enable, support and facilitate serendipity? A number of innovations have been introduced as we discuss in the next section. But rather than taking a technology-centred view of the problem, we
instead start with known dimensions of serendipity identified by previous research to create a tool to measure a system's propensity to facilitate serendipity. The objective of this research was two-fold: fo assess the
applicability of these dimensions to information systems and, secondly, to examine selected characteristics or indicators of serendipity and assess them in an ecologically valid user study.

Previous work

There has been a swell of research that explores the concept of serendipity in various domains such as everyday life (Rubin e7 2/ 2010; Williamson 1998), education (Nutefall and Ryder 2010; Sawaizumi e o/ 2010), and
interdisciplinary scholarship (Foster and Ford 2003). The characteristics associated with the serendipity-prone person have also been examined (Erdelez 1999; Heinstrom 2006) to determine why it is that some people
appear more likely to experience serendipity than others. People come to digital information environments with diverse individual differences, motivations, and knowledge which impact their interactions with the
environment and their overall experience. Serendipity, however, is not only influenced by individual differences and information activities of the individual, but also the characteristics of the environment in which the
individual is immersed (Bjgrneborn 2008; Erdelez and Rioux 2000).

Interdisciplinary scholars in Foster and Ford's (2003) study indicated that their own attitudes about serendipitous information encounters and their strategies for dealing with them had a perceived effect on how well these
encounters could be exploited but they also suspected that the characteristics of the environment such as the classification schemes of libraries played a significant role.

Studies have generally tested tools or methods of introducing unexpected and interesting content. Efforts have been made to support serendipity in digital environments, for example, through the development of a context
and activity-aware rec der system embedded in mobile leisure guides (Bellotti e o/ 2008), information retrieval software (MAX) that collects potentially serendipity-inducing information and send it to users by e-
mail (Campos and Figueiredo 2002), an ambient infelligence agent (Mitsikeru) within an internet browser (Beale 2007) and a suggested articles tool in an information search system (Toms 1999; Toms and McCay-Peet 2009).
Techniques for deriving serendipity-inducing content such as personalization (André e7 o/ 2009) have also begun to be tested. Measurement of the effectiveness of these techniques and systems has generally relied on
judgments by participants of the novelty, relevance, and interestingness of the results or suggestions provided (André, e a/. 2009; Bellotti, e7 a/. 2008; Campos and Figueiredo 2002) as well as how the tool was actually
used (i.e., support for the task at hand or divergence from the task) (Toms and McCay-Peet 2009).

In addition, while the aforementioned studies have selected aspects of serendipity to test and explore in a digital environment, little is known about which precipitating conditions are actually related to serendipity in a
digital environment. Precipitating conditions (Cunha 2005) or principles of serendipity (Fine and Deegan 1996) are those conditions that, when present, increase the chances of serendipity. While they have been
hypothesized to include temporal happenstance, social networking and active learning, in a digital environment there are likely to be many potential characteristics that may increase our opportunity for serendipity.

One study examined the impact of design features of the physical library space on convergent and divergent information behaviour (Bjgrneborn 2008). Bjgrneborn conceptualized serendipity as an event precipitated by
divergent information behaviour and the design of the /ibrary interface (human, physical and digital). Over a period of several months, the information activities that patrons used to find resources in public libraries were
observed. A portion (n=118) of those patrons was invited to engage in a short interview to collect self-reported data on their information behaviour. Follow-up think-aloud sessions with eleven of the 118 patrons were
conducted in which the users walked through the library with a researcher and reflected upon their information behaviour and what triggered their attention in the physical library space.

Ten dimensions in the physical library that facilitate serendipity were identified and these primarily revolve around the design elements of the library space (Bjgrneborn 2008):

Unimpeded and direct access to library resources to ensure that serendipity is not restricted by lack of access to resources.

Rich diversity of resources, activities, and physical spaces that will help spark an individual's interests.

Curiosity-invoking display of library resources.

Striking contrasts hetween spaces and resources within the library spaces that will draw an individual's attention to the rich diversity.

Pointers such as signs to remind individuals of potential topics of interest.

Imperfections within the library interfaces such as mis-shelved books that may lead an individual fo stumble upon an unexpected and interesting resource.
Cross contacts, which is the juxtaposition of divergent topics, activities, resources, or physical spaces.

Multi-reachability, which is the ability of individuals to reach library spaces through a variety of routes or pathways.
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9. Explorability, which is the encouragement of the individual to move freely around the library, to explore and follow their curiosity.
10.  Stopability, which is the ability for individuals to stop and explore materials at will through, for example, the provision of a space to sit or a place to lay down what they were carrying to examine another
resource.

While interactions with computers in the library were observed, details of these interactions are at a high level; more research is needed to determine whether the same serendipity dimensions exist in the digital
environment (Bjorneborn 2008). Several of the serendipity dimensions combined (e.g., multi-reachability, stopability and explorability) appear at face value to have a counterpart in the digital realm in the form of
orientation and wayfinding tools that support serendipity and exploratory search. However, the characteristics of these dimensions and the behaviour they encourage may cause distraction and disorientation in a digital
environment. Unlike the gestalt nature of physical information spaces such as libraries, there is a limit to the amount of information that can be revealed on a screen (Rice 1988) and when they are in the middle of a task,
individuals have a tendency to want to stay on task (Erdelez 2004; Toms and McCay-Peet 2009). While users need pathways to divergent content and time to absorb that content, they also need to get back on track after
digressions from their original path (Toms 2000). /mperfectionsis also a difficult dimension to translate in a digital environment where imperfections are viewed as frustrating usability issues rather than opportunities for
serendipity. Similarly unimpeded and direct access seems to be first and foremost related to usability; it is important to all digital information interactions, not just those designed to support serendipity. Rich diversity,
curfosity invoking display, striking contrasts, pointers and cross contacts are similar in their endeavour to catch an individual's attention and spark their interest through some manipulation of the physical library
environment. In a digital environment this takes the form, for example, of personalized results (André, ef a/ 2009), a suggestion box with semi-related content recommendations (Toms 1999) and visually augmented
hyperlinks to interesting and unexpected content (Beale 2007).

The digital environment's proper manipulation and design is the goal of much of the current serendipity research discussed here. The belief is that if we can understand enough about the process of serendipity and the
conditions that precipitate it, we can create an environment that will encourage and support serendipity (Bjorneborn 2010). Two questions emerge from this endeavour: 1) what characteristics of digital information spaces
or environments (i.e., design of information spaces) facilitate chance encounters; and 2) how can we measure how well digital environments facilitate chance encounters through system design? This paper focuses on the
latter question by applying dimensions of serendipity derived from the physical environment (Bjorneborn 2008) to a digital information space and endeavours to answer the following questions:

1. Do the dimensions of serendipity in the physical environment map to dimedimensionsserendipity in the digital environment?
2. How can we assess the degree to which a digital envienvironmentilitates serendipity?

Methods

To assess the dimensions of serendipity, we developed an initial scale adapted from Bjérneborn's (2008) ten dimensions of the physical library that may facilitate serendipity and tested the scale on a set of users of a
version of Wikipedia with a custom-designed interface. This was part of a larger study that is examining non-goal-based use of an information system in tandem with measures of curiosity.

Design of the study

The study invited a volunteer community to examine a version of Wikipedia viewing anything they wished for a period of twenty minutes. Before being assigned the task, several measures related to curiosity were
assessed and, after the task, they were assigned several questions regarding their found information and the serendipity scale. Responses to the serendipity items were on a five-point Likert scale of 'strongly disagree’
to 'strongly agree'. No experimental variables were formally tested.

Task

Participants were given a scenario, a role play, in which they were asked to imagine that they are in an office with about twenty minutes to spend. They were given a laptop and asked to browse whatever they wish,
including retaining items for future use or making notes.

System

Participants used the wikiSearch system (described in Toms, e7 2/ 2009) which included the content of Wikipedia which was used for the INEX (INitiative for the Evaluation of XML Retrieval) 2006 Interactive Track and a
custom-designed interface which contained a single display to represent the search process. The interface included three physical columns:

1. the left column supported the task and contained in addition to the task assignment, a Notes space for memorable information, and a BookBag to retain items of interest;

2. the middle pane supported the search task and included a box for query entry, a set of results with abbreviated titles that additionally provided mouse-over access to the complete snippet, and a history of all
page views and submitted queries; and

3. the extreme right side contained the page display. It also included a Suggested Items list for other items that may be related somewhat to the page on display, created by resending the first paragraph in the page
displayed as query and returning the top rank titles (not including the one on display).

The system was intended to retain as many visual cues as possible about what the user had done or examined, with significant flexibility about what could be re-examined.
Instrument
While multiple instruments were used in this study, we focus on that used in the analysis presented here: the serendipity scale.

Through an iterative process, seven research assistants and doctoral students were given Bjrneborn's (2008) ten dimensions, each with corresponding statements extracted by the researchers from the intent of the
dimension. They rated whether each statement captured the essence of the dimension and were invited to provide additional statements if they perceived that the presented statements were incorrect or incomplete. This
process started with 115 statements across all ten dimensions and the list was amplified by a further seventeen statements. Over two more iterations, the list stabilised in a process that resulted in the twenty items in
Table 1.

As previously suggested, some of Bjorneborn's (2008) dimensions were difficult to adapt to a digital environment. In operationalizing a conceptually written dimension, it became clear that considerable overlap existed
among items in the set, making it difficult assign a particular statement to a particular dimension. This was the case, for example, with striking contrasts and pointers, both of which prompted items related to attention-
grabbing. On the other hand, it was difficult to develop any items for /mperfection. Imperfectionmay work in a physical environment, but conceptualizing it in a digital environment led to items that appeared to describe
usability problems. In the end, we elected to include statements that captured the essence of the concept, serendipity, while not attending to the need to provide multiple items. We recognized that in fact each dimension
may not resolve to a factor in the final analysis.

Serendipity dimensions (Bjorneborn
2008)

1. Unimpeded and direct access S1 | was able to explore anything that interested me when using the system

Scale items

S2 | was able to see information in a range of formats
2. Rich diversity S3 | was able to examine a variety of topics
S4 | explored many topics that normally | do not examine

3. Curiosity-invoking display S5 | wanted to click on things to see where they would take me

S6 Unexpected words and phrases caught my eye

4. Striking contrasts S7 Unexpected visual features of the system caught my eye

5. Pointers S8 Unexpected words and phrases sparked my thinking

6. Imperfections n/a

S9 | found something interesting on pages that had unexpected content
S10 The system enabled me to make connections between different topics
S11 The system presented content in ways that invited me to explore across
topics

S12 Exploring one topic unexpectedly led me to other

S13 | stumbled upon unexpected topics

7. Cross contacts
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8. Multi-reachability S14 1 could find topics in several alternative ways

9. Explorability S15 The system encouraged me to browse and explore

S16 | found myself pausing to look at things more closely

S17 The system encouraged me to stop and explore

10. Stopability S18 | could return to topics that | had explored earlier

S19 | could easily explore many topics without getting lost

S20 | could follow-up on interesting associations between topics or ideas

Table 1: Serendipity dimensions applied as items relating to a digital environment
Participants
One hundred and twenty-four participants volunteered for the study. Of these, 123 were identified as 'valid participants'. One participant's data set was identified as an extreme multivariate outlier and removed from the
analysis. The participants (N = 123) were primarily university students (N = 106, 86.2%) between the ages of 18 and 26 (N = 98, 79.7%). There was a fairly even representation of males (N = 67, 54.5%) and females (N

=56, 45.5%). Participants were frequent users of Wikipedia; 99 participants (80.4%) indicated that they used Wikipedia more than once or twice a week. Of those, 34 (27.6%) participants indicated that they used
Wikipedia one or more times a day. The majority of participants (N=119, 96.7%) also indicated using weh search engines one or more times daily.

Procedure

Notices for recruitment were posted around the University and advertised on electronic mailing lists. Participants self-selected and no formal random sampling was done. Participants droppedinto a room that was set up
for the study. The room contained ten tables and laptops scattered about in an informal arrangement.

Participants were introduced to the study by one of the five research assistants, read the consent form and had their questions answered, and then were logged into the system that guided them through the process.

On completion, they were paid an honorarium of $20 for the nearly one hour of time taken to do the study.

Data analysis

Data were loaded into SPSS 17.0. All univariate and multivariate assumptions were examined. Linearity, homoscedasticity and multimulti-collinearity all found to be satisfactory and no missing values were detected. One
multivariate outlier was found and removed and all results are reported based on the remaining 123 participants. First, we examined descriptive statistics and inter-correlations for the twenty variables as well as testing

for sampling adequacy. Next exploratory factor analysis was conducted in multiple iterations to test for factors present within the set of items and finally Cronbach's Alpha was used to assess each sub-scale emerged from
the exploratory factor analysis.

Results

Table 2 contains the descriptive statistics and inter-correlations of all twenty variables. As illustrated, all correlated with one of more other items af the .05 to .01 levels, and were retained for the subsequent analyses.
Exploratory factor analysis was conducted on the 20 items using the Principal Component Analysis as the method of extraction with orthogonal rotation (Varimax) with Kaiser normalisation.

Variable| M |SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 |20
S1 3.8|1.2|1

S2 3.3]1.0|.30**|1

S3 4.2]10.6 |.45**|.25**|1

S4 3.3|1.2|.11 .19* |.10 1

S5 4.0]10.9 (.17 .24**|.07 .18* |1

S6 3.4(1.1|-.05 |.11 .02 |.09 |.31* |1

S7 2.711.1).17 A4** | 21* |.22* |.13 17 1

S8 3.6[1.0(.09 |.12 |[.14 |.08 |.09 [.48**|.15 |1

S9 3.8/10.9|.06 |.10 |.19* [|.24* |.14 |.24**|.30**|.20* |1

S10 3.9/0.9|.49**|.09 |.33**|.10 |.18 |.01 [.14 |.30**|.40 |1

S11 3.8/0.8|.38**|.16 |[.39**|.02 |.21 |.23**|.23* |.27**|.10 |.53**|1

S12 4.210.8 |.26**|.24* |.45* |.21* |.12* |.25* |.28* |.19* |.34**|.19 36%* |1

S13 3.7]1.0|-.04 |.12 .18* |.45**|.14 .23* .08 .18* |.43**|.07 .14 .38**|1

Si14 3.8|1.0|.26* |.23**|.32**|.17 .19 .08 .16 .20* |.20* |.39**|.43**|.38**|.18 1

S15 3.9]0.8 |.31* |.49**|.37**|.12 .24%* |.24**|.23* |.19* |.18* |.29**|.47**|.47**]|.20* |.31**|1

S16 3.9]0.9|.06 .10 .13 .15 .16 .06 .13 .12 .16 .19* |.16 .19* |.05 11 .13 1

S17 3.8|0.9].42* |.28**].30**|.23**|.28**].20* |.17 .14 27F*|.34%*| . 36%* | .44**| . 31**|.26%*|.49** | .42** |1

S18 4.5]0.7 |.16 -.06 |.31**|.04 .09 .05 -.20* |.22* |.24**|.26**|.18* |.05 .19* |.24**|.10 .24* |.25*%*|1

S19 4.110.9(.10 .06 .15 -.07 |.20* |.05 .09 .13 .22% |.34**|.35**|.17 .02 .28* |.23**|.12 .26%*|.32**|1
S20 4.010.9(.32**|.04 .36**|.07 .23* |.14 .13 .36**|.13* |.66**|.48**|.27* |.01 .31**|.23* |.39**|.40**|.33**|.31**|1
Note. N = 123.,*p <0.05,**p <0.01.

Table 2: Summary of inter-correlations, means, and standard deviations of items

The study sample met the minimum recommended number of participants (i.e., five to ten) for each variable (Kass and Tinsley, 1979, in Field 2009). The Kaiser-Meyer-Olkin measure of sampling adequacy was 0.76,
indicating that the present set of data is suitable for Principal Component Analysis; in general, values between 0.70 and 0.80 are considered good (Kaiser 1974, as cited in Field 2009). All Kaiser-Meyer-Olkin values for
individual items were >0.61 which is above the acceptable limit of 0.5 (Field 2098). Similarly, Bartlett's test of sphericity was significant (X2 =1790.25, df=190, p<<0.001), indicating sufficient correlations between
variables to proceed with the analysis.

Four iterations of exploratory factor analysis were performed. Because the sample size was less than 200, the cut-off value for interpretation of 0.45 (20% of the variance) was selected (Meyers e7 a/ 2006). Item loadings
were interpreted as excellent with loadings of 0.7, very good with loadings of 0.63, good with loadings of 0.55, fair with loadings of 0.45, and poor with loadings of 0.32 (Comrey and Lee 1992, as cited in Meyers e/ a/.
2006).

The first iteration of Exploratory Factor Analysis resulted in six factors. [tem loadings ranged from 0.49 (S5) to 0.83 (S13). Factor 6 contained only one item (S19). One variable (S20) was complex, loading strongly on both
factors one and four. Therefore, for the next iteration these two items were removed. Five factors were extracted in the second iteration. Item loadings ranged from 0.53 (S15) to 0.83 (S13). Item S12 loaded strongly on
factors one and two, and was removed in the next iteration. In the third iteration, items loaded on five factors and loadings ranged from 0.49 (S15) to 0.84 (S6). None of the items above the 0.45 cut-off loaded on more than
one factor. Cronbach's alpha, calculated for each of the five sub-scales, ranged from 0.26 (Factor 3) to 0.77 (Factor 1). $18, which had a high negative loading (-0.59), was found to cause a substantial decrease in o and was
therefore removed (Field 2009).
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In the fourth iteration, five factors were extracted among the remaining sixteen items; no complex items were found. Therefore, these items were retained in the final solution (See Table 3). The five factors account for

60.8% of the total variance which, according to Tabachnick and Fidell (in Meyers ef /. 2006) suggests a ' goad solution where a robust solution accounts for at least 50% of the variance. Communalities (hz) were relatively
high, ranging from .44 to .77. Cronbach's alpha for each of the five sub-scales, ranged from 0.55 (Factor 5) o 0.75 (Factor 1). Of the five factors, only Factor 1 had an acceptable alpha level (>0.70). This may be due in part
to the small number of items contained in Factors 2-5 (i.e., two to three items for each factor). All five factors, however, were retained because of their conceptual importance, and low reliabilities were taken into account
in the study findings. Items are ordered and grouped by size of loading to facilitate interpretation. Factor loadings less than 0.45 (20% of variance) are represented as zeros. Interpretive labels are suggested for each of
the five factors in the footnote and discussed below.

Factors™
Item# Item F, F, F, F, F. h?
S10 The system enabled me to make connections between different topics 0.78] 0.00 |0.00]0.00]0.00|0.66
s11 tT:;csSystem presented content in ways that invited me to explore across 0.72 ] 0.00 l0.00l0.00l0.00l0.66
S3 I was able to examine a variety of topics 0.68 | 0.00 | 0.00]0.00|0.00|0.56
S1 I was able to explore anything that interested me when using the system .68 | 0.00 |0.00]|0.00|0.00}0.56
S14 I could find topics in several alternative ways 0.60 | 0.00 |0.00]0.00]0.00|0.44
S13 | stumbled upon unexpected topics 0.00 | 0.8410.00/0.00]0.00|0.73
S9 | found something interesting on pages that had unexpected content 0.00 | 0.67 ]10.00]0.00]0.00|0.52
S4 | explored many topics that normally I do not examine 0.00 | 0.67 | 0.00|0.00|0.00|0.53
S2 | was able to see information in a range of formats 0.00 | 0.00 |0.85]|0.00]0.00]0.77
S7 Unexpected visual features of the system caught my eye 0.00 | 0.00 |0.69]/0.00]0.00]0.53
S15 The system encouraged me to browse and explore 0.00 | 0.00 |0.51|0.00|0.00|0.55
S6 Unexpected words and phrases caught my eye 0.00 | 0.00 |0.00/0.84]0.00]0.77
S8 Unexpected words and phrases sparked my thinking 0.00 | 0.00 |0.00|0.77]0.00]0.68
S16 I found myself pausing to look at things more closely 0.00 | 0.00 | 0.00|0.00]|0.76]0.61
S17 The system encouraged me to stop and explore 0.00 | 0.00 | 0.00|0.00]|0.64]0.68
S5 I wanted to click on things to see where they would take me 0.00 | 0.00 | 0.00|0.00]0.58]0.49
Eigenvalues 4.28 11.8311.33|1.12]1.10
Percentage of variance 26.77|11.40|8.34|7.42]6.85
Cronbach's a 0.75 ] 0.63 |0.65|0.64]0.55
*Factor labels:
F, Enabled connections; F, Introduced the unexpected; F, Presented variety; F, Triggered divergence; Fg Induced curiosity

Table 3: Summary of Factor Loadings and Communalities (h2) for the four iterations of Principal Component
Analysis (N = 123)

Factor 1: Enabled connections

This factor accounted for 26.7% of the variance and consists of five items. Item loadings on this factor ranged from 0.60 to 0.78. These items related to the manner in which the system invited connections between topics
(S10), exploration or browsing across topics (S1, $3, S11, 14). Since the items related to making connections between topics and exploration, this factor was labelled enabled connections.

Factor 2: Introduced the unexpected

This factor accounted for 11.4% of the variance and consisted of three items. Item loadings ranged from 0.67 to 0.84. These items related to encountering unexpected topics or content (S9, S13) and topics not normally
explored (S4) therefore this factor was labelled /ntroduced the unexpected.

Factor 3: Presented variety

This factor accounted for 8.3% of the variance and consisted of three items. [tem loadings ranged from 0.51 to 0.85. These items related to the variety of system content and display (52 and $7) as well as the facilitation of
varied or diverse behaviours such as exploration and browsing (S15). Thus, presented variety was determined to be an appropriate label for factor three.

Factor 4: Triggered divergence

This factor accounted for 7.42% of the variance and consisted of two items. ltem loadings in this factor were 0.77 and 0.84. Both items (S6, $8) indicated that the system in some way sparked or triggered their attention
and initiated divergent thinking and behaviour. This factor, therefore, was labelled #iggered divergence.

Factor 5: Induced curiosity

The final factor accounted for 6.85% of the variance and consisted of three items. Item loadings ranged from 0.58 to 0.76. The items in this factor related to the inducement of deeper exploration or consideration of
information encountered (S16, $17) and curiosity-teasing triggers (S5). The label selected for this factor was induced curiosity.

Discussion

Not all applications have the potential to support serendipity, but there is an increasing need to enhance our ability to be innovative with creative or creative-facilitating information systems. A step toward that goal is the
development of systems that enable serendipity to occur. But we need to know when a system is meeting that goal. Using a set of characteristics developed by Bjorneborn (2008) of the serendipity-enabling dimensions of
a physical library space, this study adapted these dimensions to a digital environment. In the course of the analysis Bgrneborn's (2008) original ten dimensions of serendipity were reduced to five factors: enabled
connections, encountered unexpected, presented variety, friggered divergence, and induced curiosity.

Factor 1, labelled enabled connections, reflects aspects of several characteristics of Bjrneborn's (2008) physical serendipity dimensions, namely, unimpeded and direct access, rich diversity, cross contacts, all of which
facilitate connections or associations between disparate information and resources. Making connections or bisociations is a key component of the process of serendipity (Cunha 2005). Koestler (1964) originated the term
bisociationto describe a creative association made between two disparate pieces of information or skills. An example of a bisociation is Gutenberg observing the presses in action during a wine harvest in Rhineland and
subsequently designing a printing press capable of mass production (Simonton 1995). In an information system, this could mean finding an unexpected piece of information that takes the conceptualization of your problem

or task in a new direction (Foster and Ford 2003).

Encountered the unexpected, factor 2, is related to Bjorneborn's (2008) original rich diversity and cross contacts dimensions. Diversity and cross contacts are perhaps bound to lead one to the unexpected and unexpected is
perhaps the umbrella or over-arching description of the experience of serendipity. Something about the experience must be unexpected or unanticipated. The example of the journalist who stumbles upon the juxtaposition
of two previously unrelated concepts in a Wikipedia entry is one example of encountering the unexpected in a digital environment (McCay-Peet and Toms 2011). All of the systems that have attempted to support
serendipity discussed in this paper have attempted in some way to infroduce unexpectedness through, for example, the provision of content that is intended to be novel and unexpected (Campos and Figueiredo 2002).
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Factor 3, presented variety, whose items were derived from Bjgrneborn's (2008) dimensions of rich diversity, striking contrasts and explorability points to the importance of the provision of variety in content and the
importance of systems drawing attention to this variety and allowing ways to explore it. Creativity research indicates that ' Bombardment by the diversity of surrounding events eventually primes that train of thought that
can connect the disparate parts of the desired Koestlerian bisociation’ (Simonton 1995: 483). This suggests that environments that create opportunities for viewing divergent materials and enabling interesting
juxtapositions may not only support serendipity, but potentially prime for it.

The fourth factor, #riggered divergence, can be traced to Bjirneborn's (2008) dimensions of striking contrasts and pointers. It is an aspect of serendipity that has been grappled with in systems such as Mitsikeru (Beale
2007), an ambient intelligence system that attempts to call attention to interesting or surprising content (Web pages) through visual cues. While its efficacy in enabling serendipity was not established, the importance of a
system's ability to trigger divergence is evident due to the limits of human attention. Fine and Deegan (1996: 436) write that for ethnographers, serendipity is linked to their ' ability to make sense of seemingly chance
events; that is, these scholars were able fo ‘keep their wits about them, ' finding, in the rush of on-going events, meanings and opportunities that might escape others'. That ' rush of on-going events' aptly describes a
digital search experience in which the world is literally at your fingertips. Because of the limitations of working memory, the attentional portion of short-term memory, we can only allocate a certain amount of our
cognitive resources fo a scene; we attend to a limited amount of information (Wood, e7 #/ 2006). Because information encounters contain new pieces of information, our capacity to attend to them and make the necessary
associations and bisociations for serendipity, is greatly affected by our working memory. Interestingly, ' super-encounterers' appear reluctant to expose themselves to environments such as the Web where they feel
unable to cope with the associated information overload (Erdelez 2000), perhaps the multiple divergences it triggers.

The final factor that emerged in this study, induced curiosity, relates to Bjgreborn's (2008) dimensions of curiosity-invoking display and stopabilityin which curiosity is both ignited and stoked. This element of serendipity
is reflected in the development of a physical, serendipity card system (Sawaizumi, e o/ 2007) to help students capture stray ideas and thoughts and think more deeply about them. Students were asked to record
interesting observations they encountered, indicating a hypothesis and theme as well as the who, what, when, where, and how. The /nduced curiosity factor underlines perhaps more so than the other four the importance
of the individual in the success or failure of a serendipity-enabling environment. The individual must be curious about what is being displayed and become actively engaged; the individual is not a passive observer. While
Bjgrnehorn focused on the extrinsic or physical rather than intrinsic characteristics of the individual (e.g., personality, interests, motivations) of divergent behaviour within the library, he noted that internal factors have
role in serendipity. All of the dimensions in some way have a potential impact on the way patrons feel, behave, think, and are motivated as they make their way through the library, encouraging them to stop and explore.

The paper set out o resolve two questions: A. Do the dimensions of the serendipity in the physical environment map to dimensions of serendipity in the digital environment? And B. How can we assess the degree to which
a digital environment facilitates serendipity? In the case of the first question, we have identified which of the dimensions of serendipity in a physical environment map to those in a digital environment. In answer to the
second question, we assessed how well a digital environment facilitated serendipity by using the provision of a scale. We used a scale because serendipity cannot be objectively assessed by a third party. Only the
individual who is facing the potential of a serendipitous moment, a veritable auspicious chance encounter, can assess whether dimensions of serendipity are present. By deploying a more comprehensive scale we can
capture the experience of serendipity in a more holistic manner than asking questions that simply relate to the nature of the information encounter as unexpected, interesting, or useful.

This study took place in the context of a larger study that is looking more broadly af the exploratory process used in examining information without a specific goal in mind. In the past, we have discovered that participants
in laboratory studies are less likely to step outside the bounds of the study (see Toms and McCay-Peet 2009), and enable the potential for having a truly serendipitous experience. They tend to follow instructions. With no
goal, the research design gave the participants the right to choose the direction and pathway through the information space, and thus enable the potential for a serendipitous experience. We know that serendipity is an
interaction of some sort hetween what the user knows (or wants to know), or has experienced and the environment in which the user is immersed (McCay-Peet and Toms 2011). This design provided the environment for
that to occur.

Conclusion and future work

This study identified five core dimensions of serendipity that are present in digital environments. To do so, we operationalized a set of dimensions of a physical library developed from a naturalistic study by Bjgrneborn
2008). In the process of operationalizing Bjrneborn's ten dimensions, it became clear that these dimensions are not discrete and, in the end, did not map neatly on to the dimensions of serendipity in a digital
environment. However, the overlapping nature of the ten dimensions suggests that it is plausible that these dimensions are not discreet in a physical world either.

Scale construction is an iterative process. Further development of this scale is required before it can be used to assess the degree to which a digital environment facilitates serendipity. The items used in this scale were
developed solely through the interpretation of serendipity dimensions in a physica/library setting. Future studies will attempt to expand on these to determine whether there are dimensions unique to a digital
environment. Are five factors the complete set? For example, in a physical library setting, the serendipity experienced was that of finding a resource or topic of interest; in a digital environment it may be more about
information interactions at the content level. Examination of information or knowledge-hased examples of serendipity may indicate other potentially useful scalar items that reflect serendipity within a digital
environment. By expanding the items initially tested together with a wider participant base, we can come closer to the creation of a scale that will measure whether a system is meeting its goal of providing an
environment that encourages serendipity. Future studies will augment and refine the instrument developed in this study.
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